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(54) Portable personal corona discharge device for destruction of airborne microbes and 
chemical toxins 



(57) A miniature air purifier (10) produces a corona 
discharge surrounding a needle-like emitter point con- 
nected to a novel negative 8,000-volt DC power supply 
The power supply operates from a nine volt battery (22) 
and contains a step-up voltage inverter (36,37) having 
a single transformer outputting high voltage spikes with 
a voltage multiplier operating on the output of the invert- 
er. The production of high voltage spikes of about 200 
Hz rather than a sinusoidally varying voltage significant- 
ly reduces current consumption. The needle-like emitter 
point is located about 1 >4-inch from an 80% open mesh 
metallic grid held at ground potential. Corona discharge 



at the emitter point ionizes the air and creates ozone, 
and nitric oxide both ol which combine with direct elec- 
tron impact decomposition to detoxify and destroy a 
wide variety of airborne pollutants including pathogens, 
chemicals and allergens. The grid attracts negatively 
ionized air molecules thereby creating a flow of purified 
air out of the device and also provides a surface for elec- 
troprecipitation of ionized particulates. An alternative 
embodiment uses a miniature brushless DC fan to draw 
room air through a pathogen and pollutant removing fil- 
ter. The filtered air is exposed to the corona discharge 
for additional purification and then accelerated out of the 
device by the emitter point and grid. 
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Description 

The present invention involves the field of electronic 
air purification and, more specifically, a miniature device 
that generates a corona discharge to detoxify, and cir- 
culate air around an individual's face. 

The present invention represents an improvement 
to the instant inventor's earlier invention entitled "Mini- 
ature Air Purifier" filed February 6, 1 995, and now issued 
as United States Patent No. 5,484,472. That patent de- 
scribes a miniature wearable unit that directs a current 
of ionized air towards the face of a wearer to help pre- 
vent the inhalation of various toxins and irritants that are 
increasingly present in our environment. For a summary 
of various earlier approaches to the problems of amel- 
iorating contaminated air, the reader is directed to that 
earlier patent which is incorporated herein by reference. 

The problem of air pollution can hardly be overstat- 
ed. It has been variously estimated that as many as 80 
million Americans suffer from air pollution that results in 
large numbers of premature deaths each year It has 
been reported that children growing up in especially pol- 
luted areas like the Los Angeles basin end up with per- 
manently damaged lungs. The problem may be even 
more acute in large cities of the Third World where en- 
vironmental controls are more lax than in the United 
States. While increased governmental regulation poses 
one solution to the danger, what are affected individuals 
to do in the meantime? One can install various home air 
purifying devices, but this does no good when one has 
to travel about away from the home. 

The present inventor has previously offered a port- 
able air purifier as a solution. This earlier miniature air 
purifier was characterized by its small size allowing it to 
be worn clipped to one's clothing or on a cord about 
one's neck. However, the need to incorporate fairly com- 
plex electronic circuit board including two inductor com- 
ponents resulted in the unit having a dimension of at 
least 2 1 ^x4x1 inches and weighing at least 7 oz. The 
circuit of that device required a significant current flow 
from the battery, which considerably limited battery life. 
Typically, the unit would operate for about 10-15 hours 
using a fresh alkaline battery. 

The primary routes of air purification in the earlier 
air purifier were chemical destruction of pollutants by 
ozone and the corona discharge and electrostatic pre- 
cipitation of particulates as a result of charging by neg- 
ative ions. The primary source of air flow was a mass 
air flow due to acceleration by negatively ionized air mol- 
ecules towards a grounded metallic grid. 

Because ozone can be irritating to the respiratory 
system, it is desirable to provide a more effective corona 
discharge for destroying a wider range of chemical pol- 
lutants while, at the same time, limiting the amount of 
ozone emitted. There remains a considerable need for 
a miniature air purifier that is very efficient at producing 
a corona discharge for better removal of pollutants and 
longer battery life with minimal emission of ozone. 



In accordance with one aspect of the present inven- 
tion, a wearable personal corona discharge air purifier 
comprises a low voltage electric power source; a metal- 
lic grid electrically connected to a first terminal of the 
$ electric power source; a high voltage supply connecta- 
ble to the electric power source for producing a voltage 
of about 8 kV, relative to the electric power source, for 
producing a corona discharge, the high voltage supply 
comprising a transformer; with a primary and secondary 

io winding; a transistor oscillator controlling current flow 
through the transformer so that the transformer outputs 
an alternating current with a peak to valley potential dif- 
ference greater than a potential difference across the 
electric power source; and a high voltage multiplier con- 

15 nected to the secondary winding to convert the alternat- 
ing current into pulsating direct current at about 8 kV, 
relative to the electric power source, at an output of the 
voltage multiplier; and an emitter point connected to the 
output of the voltage multiplier and spaced apart from 

20 the metallic grid, a corona discharge created around the 
emitter point ionizing air to form ions which ions are ac- 
celerated towards the metallic grid by a potential differ- 
ence between the grid and the emitter point. 

The present invention provides a (miniature) air pu- 

25 rifier that can operate for at least 20 hours on a typical 
nine-volt alkaline battery; 

The present invention can also provide a miniature 
air purifier with a simplified circuit using only a single 
inductive component to reduce the size and weight as 

30 well as the cost of the device and to reduce generation 
of radio frequency interference. 

The present invention can optimize corona dis- 
charge purification to maximize killing of pathogens, de- 
toxification of chemical pollutants, and neutralization of 

35 allergens while minimizing release of ozone. 

An alternative embodiment provides a small wear- 
able air purifier that also precleans air by means of pol- 
lutant and pathogen filters prior to the corona discharge. 
In the preferred arrangement, a miniature air purifier 

40 is provided that produces a corona discharge around an 
emitter point connected to a novel 8,000-voft DC power 
supply. The power supply operates from a single nine- 
voft battery and contains a step-up voltage inverter hav- 
ing a single transformer and a voltage multiplier operat- 
es ing on the output of the inverter. The needle-like emitter 
point is located about #-inch from an 80% open mesh 
metallic grid held at ground potential. A corona dis- 
charge surrounds the emitter point and produces ion- 
ized air as well as destroying pathogens and pollutants 

50 with ozone and direct electron impact decomposition. 
The grid attracts ionized air molecules, thereby creating 
a mass flow of purified air out of the device, and also 
provides a surface for electroprecipitation of particu- 
lates. An alternative embodiment uses a miniature 

55 brushless DC fan to draw room air through a pathogen 
and pollutant removing filter The filtered air is exposed 
to the corona discharge for additional purification and 
then accelerated out of the device by the emitter point 
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and grid. 

The objects and features of the present invention, 
which are believed to be novel, are set forth with partic- 
ularity in the appended claims. The present invention, 
both as to its organization and manner of operation, to- 
gether with further objects and advantages, may best 
be understood by reference to the following description, 
taken in connection with the accompanying drawings. 

Figure 1 shows a perspective drawing of the 
present invention; 

Figure 2 shows an alternate embodiment of the de- 
vice of Figure 1 with a fan; 

Figure 3 shows a diagrammatic representation of 
the operation of the device of Figure 2; 
Figure 4 shows a diagram of an electronic circuit of 
the present invention; 

Figure 5 shows a cut-away view of the embodiment 

of Figure 2 showing the flow of air; 

Figure 6 is a graphic diagram of the voltage spikes 

pioduced by the circuit of Figure 4; and 

Figure 7 is a graph showing the destruction of air 

borne bacteria by the present invention. 

The following description is provided to enable any 
person skilled in the art to make and use the invention 
and sets forth the best modes contemplated by the in- 
ventor of carrying out his invention, various modifica- 
tions however, will remain readily apparent to those 
skilled in the art, since the generic principles of the 
present invention have been defined herein specifically 
to provide a miniature air purifier with improved efficien- 
cy and reduced size. 

Figure 1 shows a perspective drawing of one em- 
bodiment of an air purifier 10 of the present invention 
cut away to show interior construction. It is shown next 
to an outline 25 of a conventional pager to indicate the 
unit size. This represents a considerably smaller pack- 
age than that provided by this inventor's earlier invention 
or of any other portable air purifier of which this inventor 
is aware. The unit is generally rectangular with an ON/ 
OFF switch 18 and a connector 19 for an AC battery 
adapter. The miniature electronics of the unit 10 are 
powered by a conventional nine-volt alkaline battery 
when the adapter is not connected. 

The upper end of the unit 10 bears an opening 23 
covered by a metallic grid 24 through which the purified 
air exits. A metallic needle-like emitter point 26 is mount- 
ed on a high voltage circuit module 32 and is located 
about %-\nch below the grid 24. In use air near the emit- 
ter point 26 becomes ionized by a corona discharge de- 
veloped by a high voltage (about 8 kV) supplied by the 
high voltage circuit module 32. It is important to note that 
while prior art devices, including the present inventor's 
earlier air purifier, generally use higher voltages, i.e., 15 
kV or higher, it was unexpectedly discovered during the 
development of the present invention that lower voltag- 
es, i.e., below about 10 kV, yield a vigorous corona dis- 



charge and mass air flow while producing a dramatically 
lower level of ozone. Further, those of ordinary skill in 
the art will realize that either a positive or negative high 
voltage can be used to produce a corona discharge. The 
s electronic circuits described below can be configured to 
produce either positive or negative high voltage. The 
unit operates adequately with either positive or negative 
corona discharge. 

The metallic grid 24 is preferably nickel plated with 
w about 80% open area and is held at ground potential 
relative to the emitter point 26 so that ions produced in 
the corona discharge are accelerated towards the grid 
24. This results in a mass flow of air (i.e., the ionized 
molecules pull along a large number of nonionized mol- 
ts ecules by means of cohesive forces) which propels the 
purified air out through openings (large arrows) in the 
grid 24. As purified air exits and is propelled towards the 
face of the wearer, room air (dotted arrows) is drawn in 
at the sides of the opening 23. At the same time the co- 
20 rona discharge provides ionizing energy and ozone to 
chemically destroy pollutants or pathogens through 
electron (plasma) impact decomposition. By adjusting 
the process to produce less ozone one is better able to 
balance ozone to average pollutant load. The majority 
25 of ozone is consumed reacting with pollutants before the 
air exits the purifier 1 0. Particulate matter produced dur- 
ing this destruction process is usually charged so that it 
is accelerated towards and precipitates on the metallic 
grid 24. 

30 Figure 2 shows a perspective drawing of an alter- 
nate embodiment of the air purifier 10'. This unit is the 
same size as the unit of Figure 1 and uses the same 
improved electronics that will be explained below. The 
major difference between this unit 10' and the unit 10 of 

35 Figure 1 is the ability of this alternate embodiment to 
utilize modern filtering materials to remove pollutants 
and pathogens prior to the corona discharge. The unit 
is of the same dimensions as the unit of Figure 2 but 
also has an air intake 12 on one of its larger side sur- 

^o faces. The air intake 1 2 is covered by a removable filter 

14 held in place by a strip 16 of VELCRO® hook and 
loop fastener or some similar fastening system. Like the 
device of Figure 1 , unit 10' also has an ON/OFF switch 
18 and a connector 1 9 for a battery adapter and is pow- 

45 ered by a conventional nine-volt alkaline battery cell 22. 
VVhile the mass flow of air provided by the corona 
discharge is adequate to propel a stream of purified air 
out of the device, as explained in relation to Figure 1, 
the inventor has found that the discharge mediated flow 

50 is generally not sufficient to pull air through a particulate 
or pollutant removing filter. Therefore, a miniature fan 

15 has been provided. This fan is preferably one of the 
DC brushless types and operates at a low speed and 
uses very little power because its only task is to move 

55 air through the filter 1 4. Alternatively, a piezoelectric fan 
can be substituted for the brushless DC fan. Figure 3 
shows a simple diagram of the filter 1 4, fan 1 5, and emit- 
ter point 26 arrangement. Air is drawn through the filter 
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14 by the fan 15. The filtered air is then ionized by the 
emitter point 26 and is accelerated towards the grid 26. 
In nonportable prior art devices, fans have been used 
to move air through filters and propel it out of the device. 
S uch powerful fans consume too much electricity for use 
in a portable device. The present inventor has found a 
low power alternative which uses the fan solely to pull 
air through the filter. The filtered air is then accelerated 
out of the device by the corona discharge. 

The filter 14 can contain any of a number of filter 
materials. A HEPA (High Efficiency Particulate Air) filter 
can be used to remove both particulates and pathogens. 
Other popular filtering material such as glass wool or 
polyvinyl acetal sponge can be advantageously used to 
remove particulates and pathogens. Alternatively, a fil- 
ter impregnated with a germicidal agent such as iodine 
can be used for pathogen inactivation. An activated car- 
bon filter such as those of activated coconut charcoal 
can be included to remove chemical pollutants. Zeolite 
filtering materials can also be used to efficiently remove 
pollutants. All that is necessary is to ensure that the filter 
material is sufficiently porous that the fan 1 5 is able to 
pull sufficient air through the filter 15. 

While the optional filter 14 directly absorbs particu- 
lates and toxic materials, the corona discharge actually 
destroys many pollutants not trapped by the filter 15. A 
corona discharge is an unusually powerful oxidizing 
source. Ozone produced by the discharge is chemically 
very active and oxidizes many pollutant chemicals and 
also inactivates pathogens and allergens. Besides 
ozone -mediated oxidation, there is tremendous de- 
struction of airborne chemicals by direct electron (plas- 
ma) impact decomposition within the corona discharge. 
Particulates passing through the discharge without be- 
ing incinerated become charged so they precipitate out 
on grounded surfaces like the metallic grid 24. Organic 
chemical decomposed by the corona discharge often 
yield particles of carbon that also precipitate out on the 
grid 24. In actual operation the discharge-facing surface 
of the grid 24 often becomes blackened and coated with 
precipitated and oxidized material. An advantage of us- 
ing a filter to remove some of the organic pollutants prior 
to the corona discharge is that this prevents some of the 
precipitation on the grid 24 thereby extending the period 
of time between grid cleaning. 

During the development of the present device the 
inventor discovered that it is important to adjust the rate 
of air movement through the corona discharge to obtain 
optimum destruction of pollutants. If the air moves too 
rapidly, the pollutants do not spend sufficient time in the 
discharge to ensure their destruction. The rate of air 
movement is affected by the potential difference and the 
geometrical relationship between the emitter point 26 
and the grid 24. In the case of the embodiment with the 
fan 15, it is important to adjust the fan 15 and the filter 
1 4 so that that the air is not propelled too rapidly through 
the corona discharge. With the present geometry and 
accelerating voltage the optimum rate of air flow out of 
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the grid is about 50 ft/min. At lower flow rates the ex- 
pelled air may not reach the user's face. At higher flow 
rates there is insufficient residence time in the corona 
discharge to obtain optimal destruction of pollutants. 
5 Figure 4 shows a circuit diagram of the miniature 
electronics of the high voltage circuit board 32. This cir- 
cuit allows the unit 10 to be very small and light while 
also providing unusually long battery life. While it is de- 
sirable to have ozone present in the corona discharge 
10 zone so as to help inactivate chemicals and microbes, 
the potential for ozone-caused irritation of mucous 
membranes makes it desirable to minimize the number 
of ozone molecules that actually reach the wearer of the 
unit. In experimenting with the prototypes of the present 
is invention in an effort to balance air flow and battery life, 
the present inventor made a surprising discovery con- 
cerning ozone generation. When current flow into the 
high voltage generation system is limited andjthe high 
voltage kept below about 10 kV, and preferably at no 
20 more than about negative 8 kV, the level of emitted 
ozone drops dramatically without significantly impacting 
the mass air flow at the grid 24. This reduction of ozone 
production results in the electron impact effect of the co- 
rona discharge predominating. 

25 The unit contains a f errite transformer T1 33 having 
a primary coil 35 and a secondary coil 37 with a second- 
ary/primary ratio of about 350/1 . Current flow from the 
battery 22 (by way of S1 18) through the primary coil 35 
is controlled by an NPN transistor Ql 36, such as low 
30 voltage Toshiba C 3279. The transistor 36 and trans- 
former 33 form a step-up voltage inverter which converts 
battery DC into AC at a higher voltage. As current begins 
to flow from the battery 22, through the primary coil 35 
and the transistor 36, it creates a rising magnetic field 
35 which induces a first rising voltage in the secondary coil 
37. The winding ratio results in the voltage being multi- 
plied to range between 0 and about 2,000 volts, while 
the primary voltage varies between 0 and 9 volts. The 
gate 42 of the transistor 36 is attached to a center tap 
40 44 on the transformer 33. The rising voltage at the center 
tap 44 eventually causes the transistor 36 to switch off 
the current flow through the primary coil 35, causing the 
magnetic field in the secondary coil 37 to collapse. 
The collapse of the magnetic field in the transformer 
^5 T1 33 induces a second voltage, of the opposite polarity 
to the first voltage, in the secondary coil 37. The present 
inventor has found that using a resistance-capacitance 
network to shape the alternating current produced by 
the secondary coil 37 can dramatically alter the power 
so consumption of the overall circuit. Resistors R1 (va - h- 
ble resistor to tune the circuit), and R2 and capacities 
C8 59, and C9 60, and C7 58 adjust the circuit from one 
that would produce a sinusoidal voltage at Point A 34 to 
one that produces a series of high voltage spikes. The 
55 voltage at Point A-34 varies in polarity from about +2 kV 
to about -2 kV volts at a frequency of about 200 Hz. Be- 
cause the output is voltage spikes, the circuit draws only 
about 20 mA so that a nine-volt battery lasts for about 
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25-30 hours. This frequency also appears to be impor- 
tant at getting minimal ozone production while maximiz- 
ing the other effects of the corona discharge. Figure 6 
illustrates the high voltage spikes produced by the cir- 
cuit. The output consists of pulses or spikes wherein s 
each spike actually consists of a high voltage burst of 
about 50 microsecond duration every 5 msec. The tun- 
ing circuit mentioned above effectively performs pulse 
position modulation with a higher frequency of pulses 
consuming more current and resulting in a higher air 
flow. R1 57 can be adjusted for each unit so that the 
optimal pulse frequency of about 200 Hz can be set de- 
spite component variations from circuit board to circuit 
board. 

The high voltage spikes are fed into a high voltage 
multiplier 38. The illustrated circuit is configured as a 
negative high voltage multiplier, but the circuit can also 
be configured as a positive high voltage multiplier. The 
presently preferred design of the multiplier 38 acts as a 
voltage quadrupler with multiple stages and a final pul- 
sating output voltage of about -8 kV at Point B 46. The 
high voltage multiplier 38 has stages containing high 
voltage (20 kV) diodes (D1-D6), and 15 kV, 2000 pF ce- 
ramic capacitors (C2-C6). A specially selected hot melt 
adhesive is used to conformational ly coat the high volt- 
age circuits to prevent inappropriate corona discharge 
and to encapsulate the system against moisture and 
other environmental factors. This treatment significantly 
reduces energy requirements further adding to overall 
increase of battery life. This encapsulation results in 
much lower finished device weight (an important factor 
for wearability) than conventional epoxy potting tech- 
niques. 

The high voltage produced by the multiplier 38 is 
connected to the emitter point 26 by relaxation oscillator 
52 which consists of a capacitor C10 54 (0.015 mF) and 
a 100-volt neon lamp 56 connected in parallel. As elec- 
trons flow through the emitter point 26, the neon lamp 
56 flashes. This serves two purposes. First, it limits the 
current flow, and second, it serves as a visual cue that 
the unit is operating properly. Since the discharge is vir- 
tually without sound, the visual cue is especially helpful. 
The emitter point 26 is located about y A- Mnch from the 
metallic grid 24, which completes the circuit to the bat- 
tery through a 1 0 megOhm resistor R3 58, which further 
limits the current flow. 

The disclosed grid-emitter geometry combined with 
the disclosed circuit produces a discharge current flow 
of about 5u.A at an air flow rate of 50 ft/min. At this cur- 
rent flow, according to Coulomb's law, there are about 
31,000,000,000 electrons per second available in the 
corona discharge for ionizing and destroying pollutants 
through electron impact. 

Besides the physical sensation of moving cold air 
there is an additional "psychological" effect of well-being 
experienced by the user inhaling the stream of purified 
air. Some of this effect is probably psychological due to 
the 'clean, outdoor* smell and taste of the mildly ozo- 
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nated air. It is widely believed that the refreshing quality 
of the outside atmosphere following the passing of a 
thunderstorm is due to this ozone effect. An additional 
cause of the 'psychological' effect could well be an ac- 
tual physiological response to trace levels of nitric oxide 
in the ionized air stream. Nitric oxide has recently been 
found to be an important biological signaling molecule 
that is involved in neural impulse transmission and a 
host of other biological phenomena. It is also known that 
application of nitric oxide to the lung reduces pulmonary 
blood pressure and acts as a broncodilator. Nitric oxide 
production seems to require a negative plasma source 
while most of the other eflects discussed above can be 
obtained through either negative or positive corona dis- 
charge. 

Nitric oxide my also contribute to the germicidal ef- 
fect of the unit. Experiments performed by blowing bac- 
teria laden air onto an exposed Petri plate surface have 
shown a dramatic drop in bacterial colonies when the 
contaminated air flow passes near to the grid 24 of a 
working air purifier 1 0 before striking the Petri plate. Pre- 
sumably, germicidal agents emitted by the device de- 
stroy air borne bacteria. Also, some of the contaminated 
air is probably drawn into the actual corona discharge 
and directly disinfected. Figure 7 graphically shows the 
results of blowing bacteria laden air onto exposed Petri 
plates for different periods of time. A first bar (-) in each 
pair represents the number of bacterial colonies (plates 
counted after incubation overnight at 37° C) on plates 
after two or eight minutes of exposure to a steam of bac- 
teria laden air. A second bar (+) in each pair represents 
the number of colonies when the bacterialaden air 
stream passed over an operating unit of the present in- 
vention before striking the Petri plate, various control 
plates indicated that the bacteria were actually killed and 
not merely deflected by the stream of disinfecting air re- 
leased by the present invention. The disinfecting air re- 
duced the number of bacterial colonies by 90% (statis- 
tically significant at the 5% level). This dramatic effect 
was unexpected and opens the possibility of developing 
a bacteria shield. Such a device could be used in place 
of a surgical mask and would protect both the patient 
and the surgeon. Significantly, negative corona dis- 
charge was at least 20% more effective at destroying 
bacteria strongly suggesting that nitric oxide plays an 
important role in disinfection. 



Claims 

1. A wearable personal corona discharge air purifier 
comprising: 

a low voltage electric power source; 
a metallic grid electrically connected to a first 
terminal of the electric power source; 
a high voltage supply connectable to the elec- 
tric power source for producing a voltage of 
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about 8 kV, relative to the electric power source, 
for producing a corona discharge, the high volt- 
age supply comprising: 

a transformer; with a primary and second- 5 
ary winding; 

a transistor oscillator controlling current 
flow through the transformer so that the 
transformer outputs an alternating current 
with a peak to valley potential difference io 
greater than a potential difference across 
the electric power source; and 
a high voltage multiplier connected to the 
secondary winding to convert the alternat- 
ing current into pulsating direct current at 15 
about 8 kV, relative to the electric power 
source, at an output of the voltage multipli- 
er; and 

an emitter point connected to the output of 
the voltage multiplier and spaced apart 20 
from the metallic grid, a corona discharge 
created around the emitter point ionizing 
air to form ions which ions are accelerated 
towards the metallic grid by a potential dif- 
ference between the grid and the emitter 2s 
point. 

2. The air purifier of Claim 1 , wherein the high voltage 
multiplier comprises a negative voltage multiplier 
producing a high negative voltage. 30 

3. The air purifier of claim 1 , wherein the high voltage 8. 
multiplier comprises multiple stages, each stage 
comprising a high voltage diode and a capacitor. 

3S 

4. The air purifier according to any of claims 1 to 3, 
wherein the peak to valley potential difference of the 9. 
alternating current output by the transformer is 200 

to 400 times greater than the potential difference 
across the electric power source. 40 

The air purifier according to any of claims 1 to 4, 
wherein the alternating current output by the trans- 
former is a series of voltage spikes rather than a 
sinusoidally varying voltage. 45 

The air purifier of claim 5, wherein the series of volt- 
age spikes has a frequency of about 200 Hz. 

A wearable personal corona discharge air purifier so 
comprising: 

a battery; 

a metallic grid electrically connected to a posi- 
tive terminal of the battery; ss 



5. 



7. 



of about 8 kV negative relative to the battery for pro- 
ducing a corona discharge, the high voltage supply 
comprising: 

a transformer having a primary and a second- 
ary coil; 

a transistor with a tuning circuit controlling cur- 
rent flow through the primary coil of the trans- 
former, said transistor having a gate connected 
to a tap of the transformer to form an oscillator 
feeding an alternating current into the primary 
coil of the transformer so that the secondary 
coil of the transformer outputs an alternating 
current of voltage spikes having a voltage maxi- 
ma of alternating polarities of about 2 kV, said 
tuning circuit setting a frequency of the voltage 
spikes; and 

a negative high voltage multiplier connected to 
the secondary coil to convert the alternating 
voltage spikes into a pulsating direct current 
with a voltage about -8 kV, relative to the bat- 
tery, at an output of the multiplier; and 
an emitter point connected to an output of the 
voltage multiplier, the -8 kV creating a corona 
discharge around the emitter point, forming 
ozone, nitric oxide, and negative air ions, which 
ions are accelerated towards the metallic grid 
by a potential difference between the grid and 
the emitter point causing a mass flow of air 
through the metallic grid. 

The air purifier of Claim 7, wherein the negative high 
voltage multiplier comprises multiple stages, each 
stage of the multiplier comprising a high voltage di- 
ode and a capacitor 

The air purifier of claim 7 or claim 8, wherein the 
series of voltage spikes has a frequency of about 
200 Hz. 



a high voltage supply connectable between 
the terminals of the battery for providing a voltage 



10. A wearable personal corona discharge air purifier 
comprising: 

an electric power source; 
a metallic grid electrically connected to the 
electric power source; 

a high voltage supply connectable to the elec- 
tric power source for producing a voltage of 
about 8 k V relative to the electric power source, 
the high voltage supply comprising: 

a step-up power inverter for providing an 
alternating current with a greater peak to 
valley potential difference than a potential 
difference across the electric power 
source; and 

a high voltage cascade multiplier connect- 
ed to an output of the inverter to convert 



6 



BNSDOCID: <EP 0824O41 A2_l_> 



11 



EP 0 824 041 A2 



12 



the alternating current into pulsating direct 
current at about negative 8 kV, relative to 
the electric power source, at an output of 
the cascade voltage multiplier: and 

a needle-like emitter point connected to the out- 
put of the voltage multiplier and spaced apart 
from the metallic grid, the negative 8 kV creat- 
ing a corona discharge around the emitter 
point, negative ions formed by the corona dis- 
charge being accelerated towards the metallic 
grid by a potential difference between the grid 
and the emitter point. 

11. The air purifier of Claim 10, wherein the negative 
high voltage multiplier comprises multiple stages, 
each stage comprising a high voltage diode and a 
capacitor arranged as a cascade series voltage 
multiplier. 

12. The air purifier of claim 10 or claim 11, wherein the 
alternating current produced by the voltage inverter 
is a series of high voltage spikes as opposed to a 
sinusoidally varying voltage. 

1 3. The air purifier of Claim 1 2, wherein the high voltage 
spikes output by the inverter each have a potential 
of about 2 kV. 

14. The air purifier of claim 1 2 or claim 1 3, wherein the 
series of voltage spikes has a frequency of about 
200 Hz. 

15. The air purifier of any of claims 12 to 14, wherein 
each voltage spike comprises a voltage burst of 
about 50 usee duration. 

16. A wearable personal corona discharge air purifier 
comprising: 

an enclosure; 

a miniature fan enclosed set within a first open- 
ing into the enclosure; 

a filter covering an air intake of the fan so that 
air is drawn through the filter by the fan; 
a low voltage electric power source; 
a metallic grid covering a second opening into 
the enclosure, the grid electrically connected to 
a first terminal of the electric power source; 
a high voltage supply connectable to a second 
terminal of the electric power source for produc- 
ing a voltage of about 8 kV, relative to the elec- 
tric power source, for producing a corona dis- 
charge, the high voltage supply comprising: 

a transformer; 

a transistor oscillator controlling current 
flow through the transformer so that the 
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transformer outputs an alternating current 
with a peak to valley potential difference 
greater than a potential difference across 
the electric power source; and 
a high voltage multiplier connected to the 
transformer to convert the alternating cur- 
rent into direct current at about 8 kV, rela- 
tive to the electric power source, at an out- 
put of the voltage multiplier; and 

an emitter point connected to the output of the 
voltage multiplier and spaced apart from the 
metallic grid, a corona discharge created 
around the emitter point forming ozone and ion- 
ized air molecules which are accelerated to- 
wards the metallic grid by a potential difference 
between the grid and the emitter point, 

thereby creating a mass flow of filtered air 
drawn in by the fan through the filter expelling the 
filtered air through the grid. 

17. The air purifier of claim 16, wherein the filter is com- 
prised of a filtering material selected from the list 
consisting of activated charcoal, HEPA, glass wool, 
polyvinyl acetal sponge and zeolite. 

18. The air purifier of claim 16 or claim 17, wherein the 
high voltage multiplier comprises a negative voltage 
multiplier producing a high negative voltage. 

19. The air purifier according to any of claims 16 to 18, 
wherein the high voltage multiplier comprises mul- 
tiple stages, each stage comprising a high voltage 
diode and a capacitor. 

20. The air purifier according to any of claims 16 to 1 9, 
wherein the peak to valley potential difference of the 
alternating current output by the transformer is 200 
to 400 times greater than the potential difference 
across the electric power source. 

21. The air purifier according to any of claims 16 to 20, 
wherein the alternating current output by the trans- 
former is a series of voltage spikes rather than a 
sinusoidally varying voltage. 

22. The air purifier of claim 21, wherein the series of 
voltage spikes has a frequency of about 200 Hz. 
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(54) Portable personal corona discharge device for destruction of airborne microbes and 
chemical toxins 



(57) A miniature air purifier (10) produces a corona 
discharge surrounding a needle-like emitter point con- 
nected to a novel negative 8,000-volt DC power supply. 
The power supply operates from a nine volt battery (22) 
and contains a step-up voltage inverter (36,37) having 
a single transformer outputting high voltage spikes with 
a voltage multiplier operating on the output of the invert- 
er. The production of high voltage spikes of about 200 
Hz rather than a sinusoidally varying voltage significant- 
ly reduces current consumption. The needle-like emitter 
point is located about %-inch from an 80% open mesh 
metallic grid held at ground potential. Corona discharge 



at the emitter point ionizes the air and creates ozone, 
and nitric oxide both of which combine with direct elec- 
tron impact decomposition to detoxify and destroy a 
wide variety of airborne pollutants including pathogens, 
chemicals and allergens. The grid attracts negatively 
ionized air molecules thereby creating a flow of purified 
air out of the device and also provides a surface for elec- 
troprecipitation of ionized particulates. An alternative 
embodiment uses a miniature brushless DC fan to draw 
room air through a pathogen and pollutant removing fil- 
ter. The filtered air is exposed to the corona discharge 
for additional purification and then accelerated out of the 
device by the emitter point and grid. 
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